Dependence of mitochondrial oxidative phosphorylation on activity of the adenine nucleotide translocase.
The coupled reactions of electron transport and ATP synthesis for the first two sites of mitochondrial oxidative phosphorylation have been previously reported to be near equilibrium in isolated respiring pigeon heart (Erecińska, M., Veech, R. L., and Wilson, D. F. (1974) Arch. Biochem. Biophys. 160, 412-421) and rat liver mitochondria (Forman, N. G., and Wilson, D. F. (1982) J. Biol. Chem. 257, 12908-12915). Measurements are presented in this paper which demonstrate that the same relationship exists for both forward and reverse electron transport in rat heart mitochondria. This conclusion implies that adenine nucleotide translocation, a partial reaction of the system, is also near equilibrium, contrasting with proposals that the translocase is rate-limiting for oxidative phosphorylation. To resolve this controversy, the respiratory rates of suspensions of isolated rat liver and rat heart mitochondria were controlled by varying either the added [ATP]/[ADP][Pi] ratios ratios or [ADP] (by varying hexokinase in a regenerating system). Titrations with carboxyatractyloside, a high affinity inhibitor of the translocase which is noncompetitive with ADP, were carried out to assess the dependence of the respiratory rate on translocase activity. Plots of respiratory rate versus [carboxyatractyloside] were all strongly sigmoidal. In liver mitochondria, 40%-70% and in heart mitochondria 66% of the sites could be blocked with carboxyatractyloside before a 10% decrease in the respiratory rate was observed. Further analysis showed that liver and heart mitochondria have translocase/cytochrome a ratios of 1.52 and 3.20, respectively, and that at 23 degrees C the maximal turnover numbers for the translocases were 65 s-1 and 23 s-1. In all states of controlled respiration (no added inhibitor), a substantial excess of translocase activity was present, suggesting that the translocase was not normally rate-limiting in oxidative phosphorylation.